Introduction

44
The Euterpe oleracea palm plant-otherwise known as the açaí palm-is a 45 widely distributed plant in northern South America, with a large percentage of its 46 population found in the delta region of the Amazonian river (Yamaguchi et al., 2015) . 47 mannose content renders açaí seeds as a valuable and unexplored material. Nevertheless, some studies have indicated that mannan-containing hemicelluloses, such 84 as softwoods, may be less prone to the action of diluted sulfuric acid (Lim and Lee, 85 2013). On the other hand, mannan-degrading enzymes could also be applied for the 86 release of free mannose from açaí seeds, independently or in a sequential step after low yields of about 25% and 50%, respectively (Makkee et al., 1985) .
98
Considering that açaí seeds can be a potential rich source of mannan, its high 99 abundance in Brazil, and the limited current knowledge of mannan depolymerization, 100 the aim of the current study was to confirm the carbohydrate composition of açaí seeds 101 and to evaluate acidic-and enzymatic-catalyzed strategies to maximize mannose 102 production.
104
Material and Methods
105
Source of materials
106
Açaí seed samples were kindly donated by the company Açaí Amazonas.
107
Mannanase BGM "Amano" 10 was kindly provided by Amano Enzyme Inc. (Japan).
108
All other chemicals were purchased from commercial sources and used without any 109 further purification. 
Characterization of açaí seeds
112
Two lots of açaí seeds were characterized in the current study. Samples from lot 113 1 were received as shown in Figure 1a and were noted as "whole seeds" (Fig. 1a) , 114 while lot 2 contained samples already milled (Fig. 1d ). For characterization, the whole 115 seeds samples from lot 1 were processed with a knife mill as received. Alternatively,
116
for lot 1 samples, the external fiber layers (Fig. 1c) were manually separated from the 117 6 inner core stones (Fig. 1b) , and the two fractions were milled separately for further 118 chemical characterization. In parallel, the masses of 35 whole seed samples were 119 measured using an analytical balance (0.001 precision). Subsequently, the external 120 fiber layers were manually removed from the core stones and then both were weighted 121 separately to determine their percentage in relation to the total mass of the whole seed. 
Determination of extractives, carbohydrates, and acid insoluble solids
127
In natura milled açaí seeds underwent an extraction process (Sluiter et al., 2008) 128 with some modifications. Approximately 2 g of the biomass were weighted into 129 cellulose thimbles and extracted with water, which was followed by a 95% ethanol 130 extraction; each extraction step was performed for at least 12 h. The procedure was 131 carried out using six Soxhlet apparatus in parallel. By the end of the extraction, three of 132 the thimbles were put in a 105 ºC drying oven overnight to calculate the extractives by 133 weight difference, while the other three were put in a 40 ºC drying oven to be used in 134 the following chemical characterization step. Then, 0.3 g of the dried, extractive-free in 135 natura and acid-treated açaí seed samples were submitted to an acid hydrolysis process 136 in two steps in triplicate (Sluiter et al., 2012) . In the first step, the samples were mixed 137 with 3 mL of a 72% sulfuric acid solution in round-bottom hydrolysis tubes and put in 138 a 30 °C water bath for 1 h under constant stirring. In the second step, 84 mL of 139 deionized water were added to the tubes, which were autoclaved for 1 h at 121 °C.
7
After this, the solutions were vacuum filtered through dried, preweighted Gooch 141 crucibles. The acidic liquors were neutralized with CaCO3 and went through HPLC and 142 HPAEC-PAD analysis, which is described below, for carbohydrate quantification. The 143 crucibles containing the remaining solids were dried overnight in an oven at 105 ºC, 144 and the dry weight was recorded for acid insoluble solids (AIS) quantification using the 145 difference in weight. The insoluble ash content was also measured using the difference 146 in weight after the same crucibles were put overnight in a furnace at 575 ºC. Four sulfuric acid concentrations were evaluated for the diluted-acid hydrolysis 156 step, corresponding to 1.5%, 3.0%, 3.5%, and 4.5% (% w/w). Each of these solutions HPAEC-PAD analysis, to determine the sugar and degradation products, as described 165 below.
166
The solid contents of two of the four tubes were filtrated in preweighted fiber assays, the samples were dried at 40 °C until reaching less than 10% moisture and then 172 used for the determination of AIS, ash, and carbohydrates, as previously described.
173
The combined severity factor was calculated for each diluted-acid hydrolysis 174 condition, which was evaluated based on the severity factor R0, which accounts for the 175 effect of the temperature, residence time, and pH of the hydrolysates after the reaction, 
Enzyme activity measurements and enzymatic hydrolysis assays
183
The endomannanase activity of mannanase BGM "Amano" 10 was determined cross-checked by monosaccharides and disaccharides identification and quantification 228 using a Thermo Scientific Dionex ICS-5000 system (Canada) using high-performance 229 anion exchange chromatography with pulse amperometric detection (HPAEC-PAD).
230
The guard cartridge and analytical column used were the CarboPac PA1 (Thermo
231
Scientific, 4 mm x 50 mm and 10 µm particle sizes) and CarboPac PA1 (Thermo The acetic acid was quantified using an Aminex HPX-87H (300 x 7.8 mm, Bio- improbable that any large-scale commercial use of this residue will separate those 262 fractions.
263
The average weight of the whole seeds was 0.78 g ± 0.12, ranging from 0.56 g to 264 1.06 g, and the mass percentage of fiber in relation to the whole seed was equivalent to 265 5.97% ± 1.45. These data are in close agreement with a previous study that reported 266 that the whole seeds average weight was 0.72 ± 0.04 g and that the fibrous layer 267 corresponded to 6.50% of the whole seed weight (Pessoa et al., 2010) .
268
The literature data regarding the açaí seed composition so far is conflicting. 293 not detected.
295
The composition of the core stones (Fig. 1b) 
325
Cellulose has an unusual crystallinity among biopolymers, and XRD is the most 326 commonly used technique to obtain data for cellulose crystallinity. Therefore, XRD 1,4-linked β-D-mannopyranosyl residues that contain less than 5% galactose and small 370 amounts of other polysaccharides (Aspinall, 1959 The native açaí seed sample was highly recalcitrant to the enzymatic attack, 495 resulting in a less than 3% mannose yield. Nonetheless, after the material had been 496 partially digested by sulfuric acid, it became much more susceptible to the attack of the 497 mannanases, resulting in a 90% mannose yield for samples that were treated for 60 min 498 with 3%, 3.5%, and 4.5% sulfuric acid. Consequently, the recovery of mannose could 499 be substantially increased through a sequential process of diluted-acid hydrolysis 500 followed by enzymatic hydrolysis, potentially reaching over 93% global mannose 501 recovery for the most favorable conditions when using both the acid and enzymatic 502 hydrolysis steps (Figure 4b ). The enzymatic hydrolysis in the assays containing 2%, 5%, 10%, 15%, and 20% 538 of acid-treated açaí seeds resulted in mannose concentrations, respectively, of 9.8, 30.6, 
546
Only mannose and glucose were detected in the hydrolysates by HPLC analysis.
547
At 72 h, the glucose concentrations reached 0.9, 2.8, 7.3, 9.2, and 13.7 g/L for the 548 assays containing 2%, 5%, 10%, 15%, and 20% of acid-hydrolyzed açaí seed, 549 respectively. It is very interesting to note that roughly, a glucose:mannose ratio of 1:10 550 could be observed (Supplementary Table 1 ). Considering that the enzyme used is a 551 mannanase with nearly no cellulase activity, we hypothesize that the glucose released 552 during enzymatic hydrolysis is derived from the mannan structure. The 553 glucose:mannose ratio of 1:10 derived from mannan hydrolysis is in agreement with 554 the definition of a "true" mannan, which relates to polysaccharides with more than 85-
555
95% mannose content and a high degree of uniformity in the structure (Aspinall, 1959; 556 Stephen, 1983).
557
The mannose and glucose concentrations obtained at 72 h of hydrolysis showed 
